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Abstract
· AIM:Toevaluatetheperformanceofdominanteye
(DE)forcolorvisiondiscriminationabilityamongthe
medicalstudentswithnormalcolorvision.
·METHODS:Totalof50studentsstudyingatBa鬤kent
UniversityFacultyofMedicine,including31males(62%)
and19females (38%),withvisualacuityof20/20and
without congenital color vision deficiency (CCVD)
evaluatedbyIshiharapseudoisochromaticplatetest
(IPPT)wererecruitedforthisprospectivecomparative
study upon their voluntary participation. DE was
determined by the G俟ndogan Method. The color
discriminationabilitywasexaminedwiththeFarnsworth-
Munsell100hue (FM100)test.Testwasappliedbytwo
daysintervaltoallsubjectsforthethreetimeswhiletwo
eyes(TE),righteye(RE)andlefteye(LE)wereseeingfor
detectingred-green (r/g),blue-yellow (b/y)localcolor
spectralregionserrorscores.Theerrorscoreswere
evaluatedforbothinDEandnon-dominant (NDE).
valuesbelow0.05wereconsideredtobestatistically
significant.
·RESULTS:Thestudentsaged21.18依2.52years(mean依
SD). Without sex difference the RE and the LE
dominancywerefound22(44%)and28(56%)respectively
andFM100testtotalerrorscoresofDEinbothr/g-b/y
regionswerefoundwithoutgenderdifference24.12 依
14.70,34.68依18.95,respectively.FortheNDEinboth,r/g-
b/yregionserrorscoreswithoutgenderdifferencewere
32.20依19.21,36.24依17.56,respectively.Thedifferenceof
totalerrorscoresbetweentheDEandNDEwasfoundas
58.80 依29.92,68.44 依31.46.Thestatisticaldifferences
amongtheDEandtheNDEinr/glocalregionandtotal
errorscoreswerefoundsignificantinbothgenders( <
0.05, <0.001).
· CONCLUSION: The color vision discrimination
performanceabilitywasfoundprominentforDE.This
superioritywasattributedtohighersensitivityofther/g
localcolorspectralregion.WeconcludethatDEhas
priorityinr/gcolorspectralregion,probablyincluding
inhibitionofNDE.
· KEYWORDS: dominanteyemeasurement;Farnsworth-
Munsell100huetest;G 俟 ndoganmethod;colorvision;color
discriminationperformanceability
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INTRODUCTION
N
ormalcolorvisionhasbeenexplainedwiththe
trichromatictheory.Accordingtothistheory,the
processofvisionstartswiththeabsorptionoflightbythree
differentphotopigmentswhichhavedifferentspectral
sensitivitiesintheretina
[1-4].Theabsorbedlightundergoesa
seriesofneuralstagesbetweentheeyeandbrain,andthen,is
processedinthevisualfieldinthevisualcortexand
convertedintodifferentcolorsensations
[3-5].Colorvision
capabilitymaybedefectiveduetoeithercongenitalor
acquiredcauses.Themostcommoncongenitalcolorvision
deficiency (CCVD)isX-linkedrecessivered-green(r/g)
visiondeficiency
[3-6].Ishiharaplateshavebeenwidelyusedas
atestforcolorvisionforthepurposeofdetectingr/gCCVD
[7].
TheclinicaltrialsofG 俟 ndogan,Birchandotherauthors
showedthatIshiharapseudoisochromaticplatetest(IPPT)is
themosteffectivetestfordetectingr/gCCVD
[6-8].Color
visiondiscriminatingabilityevenfoundnormalbyIPPTthe
samesubjectshouldbereexaminedindetailbyFarnsworth-
Munsell100hue(FM100)testforevaluatinglocalandtotal
errorscoresofr/g,b/ycolorspectralregions
[8-11].FM100test
wasreportedtobereliableandmostsensitivetestforthe
determinationofthecolorvisiondiscriminationabilityto
distinguishcolorsindetailinhealthysubjects
[12-15].Some
differenceshavebeenfoundinFM100testerrorscoresof
733healthysubjectsfortheircolordiscriminationability
[15-17].
Becauseofthedifferencesduetorace,ageandeducational
levelofthehealthysubjects,thecolorvisiondiscrimination
abilityareusedtoclassifyashigh,mediumandlowlevelby
comparingwithstandards
[12,13].
Inrecentyears,therelationshipbetweenthedominanteye
(DE)andthebrain'sfunctionalchoicehasbecomeoneofthe
researchtopicsinstudieswhicharefocusedonthebrain's
functionalasymmetry
[18-20].Eyedominancehasbeendescribed
astheinheritedtendencytoprefervisualsensationsinone
eyemorethantheothereye
[21].Itisaffirmedthatthis
preferencestandsoutinalargenumberofsensoryfunctions
andtheeyeshaveunequalfunctionalrolesinanatomically
normaltwo-eye
[22].Itisreportedthattheimagesareseen
moreclearlyandlargerandthesettledretinalimages
disappearonthecorticallevellaterwhileseeingwiththe
DE
[20,23,24].Moreover,theDEwasfoundtobesuperiorto
non-dominanteye(NDE)invisualacuity,contrastsensitivity
andmotorfunctionswhicharerequiringspatialattentionand
visual-managed
[17,18,20].Accordingtoadvancedimaging
studies,whileonlyDEeyewasstimulated,thebilateral
activationareawasfoundtobelargerthanthatofwhenonly
NDEwasstimulated
[22].DEwasconsideredasshowing
functionallateralityduetodominancyofoneofthecerebral
hemisphere.ForthisreasonidentificationofDEisimportant
andreliableandstandardmethodsshouldbeused
[18,23,24].
Asfarasweknow,thepurposeofpreviousstudieswasjust
tocomparecolorvisiondiscriminationabilitybetweenright
eye(RE)/lefteye(LE)andnotbetweenDE/NDE.Therefore,
theaimofpresentingstudyistoelucidatetheissuewhether
theDEstandsoutsuperiortotheNDEwiththeregardto
subgroupofcolorvisiondiscriminationabilitywhichhasnot
beenfullyelucidatedpreviously.
SUBJECTSANDMETHODS
Subjects ThisstudywascarriedoutatthePhysiology
DepartmentofBa鬤kentUniversityFacultyofMedicineupon
approvalbyBa鬤kentUniversitylocalresearchethical
committee(KA09/14).Theaimandmethodofthestudy
wereexplainedindetailandinformedconsentwasobtained
foreachsubject.Allprocedureswere performedin
accordancewiththeethicalstandardsoftheHelsinki
Declarationforhumansubjects.Theethnicoriginsofallthe
subjectswereCaucasian.
Recruitment Weexplainedtothestudentsthatiftheyhave
personalinterestonthesubjectofdetectingthedifference
colorvisiondiscriminationabilitybetweenDEandNDE,
theyshouldcontactusforparticipatingvoluntarilyforthe
survey.WeappliedIPPTtotheallofthevolunteersfor
detectingCCVD
[6-8].ThesubjectswhohaveCCVDwere
excludedfromthestudy
[6,7].Subjectswithahistoryofocular
surgery,presenceofoculardiseasesuchasstrabismus,
nistagmus,retinalpathologyorasystemicdiseasesuchas
diabetesmellitus,hypertensionwhichcouldaffectvisual
acuityandcolorvisionwerealsoexcludedfromthe
study
[11,12].
Methods Eachsubjectunderwentacompleteophthalmologic
examinationthatincludedbestcorrectedvisualacuity,slit
lampbio-microscopy,anddilatedfunduscopy,visualfield
test
[7].Thecolorvisionexaminationwascarriedoutbyusing
IPPT
[6-8].Subjectswhohadbeenfoundnormalwere
re-examinedbyFM100testfordeterminationcolorvision
sensitivity
[9,10].TheDEassessmentwasperformedtoall
subjectsinthesameconditionbytheG 俟 ndoganMethod
[24].
ColorVisionDiscriminationwithFM100Test Apparatus
waspreparedonablackfloorinfrontofawindowwhich
receiveddaylightfromthenorthat13:00-14:00p.m.inshiny
daysfromFebruarytoJune,intheyearof2012inaquiet
environment.Thetestwasnotappliedincloudyweather.The
testwasgiventhreetimeswhiletwoeyes(TE),REandthe
LEwereseeingrespectively.Eachofthemwasdone
separatelywithtwodaysintervalswithouttesttime
limitation.Butallthesetestswereperformedwithinlessthan
2min.TheerrorscoreswerecalculatedinMicrosoft
Excel
[8,11,17].Thetotalexecutiontimeforeachsubjectwas
approximatelyoneweek.Thelocalr/gregionerrorscoreand
thelocalb/yregionerrorscoreandtotalerrorscorewere
calculatedonebyoneaccordingtothesequencesthesubjects
made
[10,11,17].AccordingtogenderdifferenceTE,REandLE
meanvaluesoflocalandtotalerrorscoresforr/g,b/ycolor
regionswerecomparedwithoutregardingDE.
DominantEyeDetection Allsubjectsweretestedinthe
samelaboratoryconditionsbynear-faralignmenttest.The
subjecthastoaligntworeferencepointsinthehorizontal
eye-levelplane.Thelinerunningthroughthetwotargets
intersectstheinterocularaxisatmidpointbetweentheeyes.
Theintersectioncanbeimaginedasfictivevantagepoint
fromwhichthetwotargetsappearinthesamedirection.The
twoequalsizeblackroundshapedreferencepointswereused
asitwasreportedbyG 俟 ndoganpreviously
[24].
AfterDEandNDEdetectionsFM100testerrorscoreswere
sub-groupedaccordingtotheeyepreferenceasDE/NDE.
StatisticalAnalysis Thecomplianceofcontinuousvariables
withnormaldistributionwascheckedbyusingthe
Shapiro-Wilktest.Thehomogeneityofvarianceswas
analyzedwiththeLevene'stest.Becausetheassumptionsof
parametrictestswerenotfulfilled,theMann-Whitney test
wasusedtocomparetwoindependentgroups.Dependent
two-groupcomparisonswereperformedwiththeWilcoxon
test.Inordertocomparethreeormoredependentgroups,the
FriedmantestandthentheBonferroni-Dunntest,whichis
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oneofthemultiplecomparisonmethods,wereused.The
resultsoftestswereexpressedasthenumberofobservation
( ),mean 依standarddeviationandmedian.Categorical
variableswerestatisticallyevaluatedbyFisher'sExacttest.
Theresultsoftestswereexpressedasthenumberof
observations()andpercentages(%).Datasetswere
evaluatedusingSPSSsoftware(SPSSversion17.0;SPSS
Inc.,ChicagoIL,USA). valuesbelow0.05wereconsidered
tobestatisticallysignificant.
RESULTS
LocalRegionandTotalErrorScoresofFM100Test
Totalof50healthyuniversitystudentvolunteerswiththe
normalcolorvision31males(62%,21.03依2.12years)and
19females(38%,21.42依3.11years),aged21.18依2.52years
wereincludedinthisstudy.Forallsubjectswithoutgender
difference ( =50)therewerenostatisticallysignificant
differenceinr/g,b/ycolorspectralregionsforbothlocal,and
totalerrorscoresbetweenTE,REandLE,thestatistical
valuesofmeantestresultswere =0.073, =0.645and =
0.506,respectively.Formalesubjects( =31),therewereno
statisticallysignificantdifferencesinb/ycolorspectral
regionsforlocal,andtotalerrorscoresbetweenTE,REand
LEtestsresultswere =0.452and =0.098.Butwhenwe
comparedr/gcolorspectralregionerrorscoresofTE,RE
andLEgroups,thelocalandtotalerrorscoresoftheRE
werefoundstatisticallyhigherthanTEandLE(=0.032).
Forfemalesubjects,therewerenostatisticallysignificant
differencesinr/g,b/ycolorspectralregionforbothlocaland
totalerrorscoresbetweentheTE,REandLEtestresults.
Thestatisticalvaluesofgroupswere =0.698, =0.210and
=0.611,respectively(Table1).
DominantEyePercentageinGender Inmalesubjects,
righteyedominancy(RED)andlefteyedominancy(LED)
werefoundin15eyes(48.4%),in16eyes(51.6%)
respectively.Infemalesubjects,REDwerefoundin7eyes
(36.8%)andtheLEDwerefoundin12eyes(63.2%).LED
wasfoundprominentinbothmaleandfemalesubjects.There
wasnotasignificantcorrelationbetweengendersandeye
preference( =0.425).
EvaluationofErrorScoresforther/g-b/yColor
SpectralRegionswithFM100Test Inordertoevaluate
thedifferenceofcolorvisiondiscriminationabilitybetween
DEandNDEforther/g,b/ycolorspectralregionslocaland
totalerrorscoreswerecompared.Forthemalesubjectsthere
wasastatisticallysignificantdifferenceinr/glocalerror
scoresbetweenthemeangroupvaluesofDE(25.48依14.55)
andNDE (32.93依17.31) ( =0.014).But,therewereno
statisticallysignificantdifferenceinb/ylocalerrorandtotal
errorscoresbetweenthemeangroupvaluesofDEandNDE
( =0.943, =0.153).
Forthefemalesubjects,therewasalsostatisticallysignificant
differenceinr/glocalerrorscoresbetweenthemeangroup
valuesofDE21.89依15.06andNDE31.00依22.42( =0.043).
Ontheotherhand,itwasnotfoundstatisticallysignificant
differenceinb/yforlocalerrorandtotalerrorscoresbetween
themeangroupvaluesofDEandNDE( =0.533, =0.074).
Butwhentotalerrorscorescomparedbetweenthemean
groupvaluesofDE58.80依29.92andNDE68.44依31.46( =
0.025)wasfoundsignificant.
Forallsubjects( =50)statisticallysignificantdifference
wasfoundinr/gcolorspectralregionforlocalandtotalerror
scoresbetweenthemeangroupvaluesofDEandNDE
Table 1  Local region and total error scores of FM100 test for TE, RE, LE in normal male and female subjects                                         
( s x – , median values) 
Parameters  M (n=31)  F (n=19)  Total (n=50) 
Red-green local error score       
TE  27.19±14.30 (24.00)  22.52±31.13 (23.00)  25.42±14.65 (24.00) 
RE  31.70±16.37 (30.00)
a  26.31±22.40 (19.00)  29.66±18.85 (26.50) 
LE  26.41±16.49 (24.00)  26.57±16.47 (26.00)  26.48±16.31 (25.00) 
P  0.032  0.698  0.073 
Blue-yellow local error score       
TE  40.25±18.83 (39.00)  25.52±18.32 (28.00)  35.80±19.32 (36.50) 
RE  39.48±18.56 (39.00)  27.10±14.49 (25.00)  34.78±17.90 (33.50) 
LE  35.54±18.00 (31.00)  35.94±20.12 (36.00)  35.70±18.63 (33.00) 
P  0.452  0.210  0.645 
Total error score       
TE  67.45±29.95 (61.00)  51.05±28.84 (47.00)  61.22±30.32 (58.50) 
RE  71.19±28.68 (73.00)  53.42±32.46 (48.00)  64.44±31.09 (59.00) 
LE  61.96±30.24 (60.00)  62.52±34.03 (66.00)  62.18±31.09 (62.00) 
P  0.098  0.611  0.506 
aP<0.05 vs r/g local error score of RE different from TE and LE in male. 
73524.12依14.70and32.20依19.21,respectively ( =0.002, =
0.025). Butitwas notfoundstatisticallysignificant
differencesinb/ycolorspectralregionforlocalerrorscores
betweenthemeangroupvaluesofDEandNDE( =0.739,
Table2).
DISCUSSION
Inhealthysubjectsthecolorvisiondistinguishesabilityis
affectedbyrace,age,genderandeducationallevel.This
physiologicalvariabilityleadstodifferencesintheerror
scoresoftheFM100test.SuchasAbramovandcoworkers
[25]
foundasignificantbutasmalldifferencesbetweenfemale
andmaleinappearanceofmonochromaticlights.Eventhey
couldnotexplaintheexactmechanismoftheirobservation;
theyreportedthat,thefinalrotationofLGNcolorspaceto
matchthesensoryspaceisnotthesameforthesex.The
ethnicdifferencesincolordiscriminationabilitycanbe
relatedwithmacularpigmentdensities
[26].InCaucasians,
colorvisiondiscriminationabilitywasfoundhigherthanthe
otherraces
[6-8,27].Anotherimportantfactorwhichmayaffect
colorvisiontestresultsistheagerange
[7,12,13].This
situationisattributedtotheage-relateddeclineinLuteinand
Zeaxanthinpigmentsinmacula
[26,27].Age-relatedchangesin
thecrystallinelens,aswellasmyosisalsonegativelyaffected
colorvisionintheelderly
[6,7,13].Forthisreasontheyoung
Caucasiansubjectswiththemeanagewas21.18 依2.52
yearswereincludedinourstudy.Karaca
[15] reported
thatFM100testerrorscoresdecreasedaseducationallevels
ofthesubjectsincreased.Becauseofthispointofviewthe
subjectsofourstudyweretakinghighereducation.
IPPTandFM100testwereappliedtosubjectswithvisual
acuity10/10withoutrefractivecorrection
[6-8].Amonghealthy
individualstherewasnogenderdifferenceforcolor
discriminationability
[15].Thesubjectswereincludedinour
studywithoutgenderdifference.
WeexaminedtheilluminationofenvironmentbeforeFM100
testapplication.Itwasfoundthatawiderangeofdifferent
levelsofenlightenmentrangingfrom200lx-1300lxwasused.
Inaddition,therewasnostandardpracticeforthedirectionof
thelightsourcetowardstheeye.Ithasbeenreportedthatthe
distancebetweenthelightsourceandtheeyeaswellasthe
distancebetweenthelightsourceandthetest,andthe
directionofthelightarealsoimportant
[17,28].However,ithas
beenestablishedthattheseconditionswerenotpaidattention
toandtherewasnostandardpractice.Ithasbeenpredicted
thatthelightsourceaffectsthebrightnessofthecolorsand
canleadtochangesinthecolorqualityofthepiecesdueto
thelong-lastingeffectofthetemperature.Forthisreason,
whenadjustingtheilluminationoftheworkingenvironment,
itisthoughttobemoreappropriatetotakeadvantageof
naturaldaylight.Amongtheoptions specifiedinthe
literature,naturaldaylightispreferredratherthanartificial
lighting.Therequirementsspecifiedintheliteraturewere
implementedandeachtestwasappliedinfrontofawindow
whichreceivesdaylightfromthenorthatthesametimein
samecondition
[17].Mantyjarvi
[10] whousedartificiallighting
foundnodifferencebetweenerrorscoresforRE/LEcolor
visiondiscriminationability.Giuffr侉
[29] hadnotfound
differencebetweenthetotalerrorscoresoftheRE/LE,who
alsomentionedaboutthechangescolorvisiondiscrimination
duringmenstrualcycleandwetakecareofthispointinour
studyforfemalesubjects.Amongthestudiestestedwith
artificiallightingdifferentresultswereobservedsuchas,
Karaca 's
[15] studyaimedtoobtainthereferencevalues
oftheFM100testtotalerrorscores.Heappliedtesttothe
eachsubjectwhiletheirREandLEwereopen,themean
Table 2  Evaluation of error scores for the r/g- b/y color spectral regions with FM100 test for DE 
and NDE eyes in genders 
Parameters  Male (n=31)  Female (n=19)  Total (n=50) 
r/g error scores       
DE  25.48±14.55 (24.00)
a  21.89±15.06 (18.00)
a  24.12±14.70 (23.00)
b
 
NDE  32.93±17.31 (34.00)  31.00±22.42 (27.00)  32.20±19.21 (30.50) 
P  0.014  0.043  0.002 
b/y error scores       
DE  37.77±18.78 (36.00)  29.63±18.62 (26.00)  34.68±18.95 (31.00) 
NDE  37.96±17.73 (39.00)  33.42±17.38 (33.00)  36.24±17.56 (39.00) 
P  0.943  0.533  0.739 
Total error scores       
DE  63.25±28.76 (58.00)  51.52±31.13 (46.00)  58.80±29.92 (51.00)
a
 
NDE  70.90±29.68 (69.00)  64.42±34.62 (70.00)  68.44±31.46 (69.50) 
P  0.153  0.074  0.025 
aP<0.05 vs r/g error scores between DE and NDE in male; total error scores between DE and NDE; 
bP<0.01 vs r/g total error scores between DE and NDE. 
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totalerrorscoreswerefound66.23依31.34and54.27依29.81
forRE/LErespectively.Accordingtotheseresultscolor
visionabilityoftheLEwasfoundhigherthanREandthe
differencewasstatisticallysignificant.Thisdifferencewas
describedasalearningeffectduetoapplicationoftestwhich
wasfirstlyappliedtotheREandthentotheLE.Suchasours
studyinwhichmorethanonetestisappliedtothesame
subjecttheeffectoflearningontheresultsofthetestisa
pointatissue.AsitwasdeclaredinCosta 's
[30] study,a
learningeffectwasnotobservedamongthetests,whilethe
effectsoflearningarediscussedinthestudyofKaraca
[15],Kaimbo
[27] andHovis
[14].Thesubjects
alignthepiecesaftertheobservationofthecolorsthatthey
seeonthepiecesundergoesamentalquestioningprocess.
Thistypeofmemory,whichisformedbycreatinga
short-termmemory,isofteneffectiveinsecondstoafew
minutes.Ifthesamedatawereencounteredmanytimesand
storedforalongtimeinthemind,ithasbeenreportedthat
thedatawouldbetransferredfromshort-termtolong-term
memoryandaconsolidationwouldtakeplace.Butshort
durationofthetestandthepresenceofthetwo-dayinterval
betweentestsexcludethelearningfactorfromourstudy.On
theotherhand,theabsenceofstatisticallysignificant
differencesinthetotalerrorscoresbetweenTEtheREand
theLEseeingrespectively,hasshownthatthelearningfactor
didnotaffectourstudy(Table1).Ithasbeenreportedthat
therewasanincreaseinerrorscoresofconsecutivetestsdue
tofatiguebutinourstudythetimeintervalsbetweentests
wasalsoexcludedthiseffect.
Peoplewithnormalcolorperceptionhavethreedifferent
typesofcones.Eachtypeofconeistunedtoperceive
predominantly longwavelengths(reddish),middle
wavelengths(greenish),orshortwavelengths(blueish),
referredtoasL-,M-,andS-cones.Theconecellsonthe
retinaarethecrucialphysicalcomponentsofseeingcolor.
Theratiobetweensignalsreceivedfromthethreeconetypes
allowsthebraintoperceiveallpossiblecolors.Atlowerlight
levels,thesensitivityisgreatestatabluish-greenwavelength.
Atmoderatetobrightlightlevelsinwhichweperformedour
test,wheretheconesfunction,theeyeismoresensitiveto
yellowish-greenlightthanothercolorsbecausethis
stimulatesthetwomostcommon(MandL)ofthethree
kindsofconesalmostequally.Thepeakwavelengthsare
near564-580nminL,534-545nminM,and420-440nminS.
Thelensandcorneaofthehumaneyeareincreasingly
absorptivetoshorterwavelengths.InR-Gperceptionthetotal
wavelengthsarelocatedinawiderange(535-580nm)which
maycausescatterintheeye.Notonlywavelengthand
environmentalbrightnessbutalsoinheritanceofcolorvision
isimportantforcolorperceptions.Peoplewithnormal
clinicalcolorperceptionmayhavegeneticmosaicismand
hasdifferentspectralsensitivity,andcausevariationin
humancolorvisionsensation.Thesefactorsmaycause
differenceofr/gbutnotinb/ydiscriminationperformance
duetoeyedominance
[1,3,4]
Atthebeginningofthestudywecomparedthedifference
betweenRE/LE.Ther/glocalregionerrorscoresformale
subjectswerefound31.70依16.37and26.41依16.49,respectively
( <0.05)andforfemalesubjects26.31依22.40and26.57依
16.47,respectively(<0.698,Table1).Whichmeansfor
malesubjectscolorvisionperformanceabilityofLEwas
higherthanREinr/glocalcolorregion.Butwhenr/gandb/y
localregionserrorscoresofthesamesubjectswere
comparedforevaluatingthedifferencebetweenDE/NDEthe
resultswerefardifferencethanRE/LEfindings(Table2).
Thelocalandtotalerrorscoresinr/gcolorspectralregionof
FM100testforDEwerefoundtobelowerthantheNDE
whichmeanscolorvisiondiscriminationabilitywashigher
thanNDE(Table2).Inourresearchstudythesubjectswho
hadr/gCCVDwereexcludedbyIPPT.Forthisreasons,the
errorscoredifferenceinFM100testinr/gaxisbetweento
DEandNDEcannotberelatedr/gCCVD.Therefore,
findingsofourstudyshowthattheDEhassuperiorcolor
visionperformanceabilitybothmaleandfemalesubjectsfor
inr/glocalcolorspectralregion(Table2).
Previousstudiesintheliteraturehadbeencomparedcolor
visiondiscriminationabilitiesonlyforRE/LE.Weare
unawareofanypreviouslypublisheddatathatexaminethe
colorvisiondiscriminationperformanceabilitybetween
DE/NDEwithFM100test.
Wehopethatadvancedstudieswiththehelpofdeveloping
imagingtechniqueswillobtainmoredescriptiveinformation
aboutDEanditsrelationtofunctionalchangesinthe
cerebralvisualcenterandcooperationwiththeothercerebral
functions.
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